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This invention relates to the manufacturée of of the material which can be poduced for 
perhalocarbons. In one of its aspects thsinven iver/ cha since th lenth of the vessel mtlst 
tion relates to the polymerization oï perhalo- be limïted, to enable eäsy removal oï the solid 
olefins. In another aspect the invention relates polFmè om th vessel. ' It is, therïor desir- 
particularly to the polymerization o trifiuor0  5 able to pr0vide a method and apparàtus ïor over- 
chloroethylene in a continuous manner to pro- comin the above difIiculties involved, in the pro- 
duce a normally solid polymeic C0mpound of duction oï norma]ly solid polymers of trifiuoro 
high chemical and physical sability, chlor0et!ylne. 
Under suitable reSCtion conditions trifluoro- Tli objct  of this inverition is to provide a 
chloroethylene can be p01ymerizd to produce a 
normally solid poymer or plastic oï good physical polyfluorochlor, o-o!efins to rr0duc n0rmally 
and chemical properties and suitable for molding solid polymers, 
articles of manufactm'e and for various other A morespecifiC object, of fhïs inventio.rf is fo 
uses. At the p_resent time, polymerization of tri plovide a process forthe manufacture of a nor - 
fiuorochloroethylene, to produce soliïi polymers 5 mal!y so]id p01ymer of trifluorochloroethy!n:. 
is effected in a batch manner in a bomb fype Still another objeCtiof.this invention is fo pro- 
reaction essel. Accordinly, the monomer isin- vide a method and apparafUs f0r more adequaë 
troduced into the bomb tother with a suitable control of th temlerature of rctïon in the 
promoter and the temperatlre of the bomb is polymerization of trifiuorochloroehoElene" thon is 
maintained at about --16 or.--l ° C. for a period ao  present practiced. 
of about seven days. The monomer is converted A uïther objec,t of this invntiOn is o pro.vide 
to a porous.lS!u of the solid polymer in the reac» a process, and_p, partuS f0r,the  improvemn in 
tion vessel with approximately 0 to 50 per cent the quantity and reproducibilit 0f normally s0]id 
yield of polymer based on the monomer chard, polymers of trifiuorochloroethylene. 
The unreacted monomer is occluded in the in- 25 It is still a further objec of this in/ention t0 
terstices of the porous plu and is removed there- pïovide a process o increas th_eyi!dof,n0rmàl! 
from by heatin the reaction vessel under  sub- so!id.lolymers of trifluorochlorothylen.e 
atmospheric pressure so that the monmer is N/ariOus, othe r obcs and adantas, of the 
evaporated from the polymer plu. After th pîesent  invention will become.apprentto thoSë 
monomer has been thus evaporated, the. plumais ,0 skilled in  the art from the acompanyin de- 
removed fronï the reaction vessel and broken into scription and disclosufe. 
chips or ranules. As herein employed, a perha!ocarbon is deflnëd 
The apparatus Currently employed to effec the as a compound consisn substntially of. càrbori 
process described above is a cylindrical Vessel or and hlogen wth any. deC et saturation A 
]omb approximately 6 inches in inside diameter, 5 polyfiuoroChloro-olefin is dfined as/a perhalo - 
which is placed in a coolin bath. Because ofthe carbon, particu!arly a perhal0-olefln ith ny 
poor heattransfer characteristics of the polymer deg-re of unsaturätion, consistin of fluoine, 
if is necessary to maintain this coolin bath at carbon and as/rem«ds this invention hot more 
a temperature materially below the optimum than one chlorine atom per atom of cabol]. 
polymerization temperature fo avoid overheatin 0 In accordance with the continuous and ira- 
of the material in the center of the reaction ves- pr0ved process of this invention, a saturatd pr- 
sel. Experiments in vessels of smaller diameter fluorochlorocarbòn is dechlorinated under suit- 
have indicated that the bath temperature can b ale conditions of dechlorinaion in the presence 
increased, and hence the averae temperature of of a metallic dehalogenatin, aent fo produce ä 
the material, without increasin the maximum 5 perfluorochloro, olefin as a monomer for the sub- 
temperture of the material' at the center oftlië  sequnt polymerization.recti0n. The dchlorin- 
vesseL Because of the increse of the averae ati0n reaction is carried out in th presnce of, 
temperature, the rate of polymerization is a suitable solvent t0ether .with,a minor propor- 
reater which factor results in a shorter period tion of a.metal halide, whicli may be that formed 
of time to obtain an economical yield of product. 50 durin the dechl0rination reaction, and accord« 
There is also indication that the quality, of: the in to tlie prefèrred method of operation of this 
solid polyrner produced is improved as a result invention the solvent is one which is capaJle of 
of. the reater uniformity of tmperture char- dissolvin the metal ialide  formed by the de& 
acterized by smaller vessels. However rducion haloenation rection and is hiher boilin_ than 
.-the diamter of the vessel reduCesthe amount  themonomr producd. An effluent cornpri'sing 
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the desired monomer and including unreacted 
saturated perhalocarbon and solvent is passed to 
a fractional disti]lation system in which substan- 
tial]y pure monomer is recovered. Saturated 
perha]ocarbon feed and so]vent recovered from 
the monomer is returned to the dech]orination 
reaction zone. The monomer after further puri- 
fication is passed to a po]ymerization reaction 
zone in which itis subjected to suitable reaction 
conditions to convert the monomer to a normally 
so]id po!ymer. The monomer is maintained in 
the liquid phase and under a suflicient degree of 
agitation in the po]ymerization reaction zone so 
that the norma]]y solid polymer formed by the 
reaction, which is insoluble in the monomer, is 
caused to forma s]urry therewith in the reaction 
zone. In effecting the reaction to produce the 
solid po]ymer a suitab]e cata]ytic material is used 
to promote the reaction. A portion of the liquid 
phase in the po]ymerization reaction zone is con- 
tinuous]y removed therefrom as a slurry contain- 
ing so]id po]ymer particles and is passed to a 
filtration zone in which the solid particles are 
removed and the recovered unreacted monomer 
is recyc]ed to the po]ymerization reaction zone. 
A portion of the monomer recovered from the 
slurry may be returned to the disti]lation system 
for repurification. The so]id polymer is recov- 
ered as powder or granules and is treated to re- 
move entrained monomer therefrom. 
The slurry from the reaction zone is cooled 
and the rate of withdrawal and degree of cool« 
lng is contro]]ed fo maintain the reaction zone 
temperature at the desired value. The fiuid 
nature of the s]urry and the agitation in the re- 
action zone assures uniform temperatures for 
the polymerization reaction, while the recycle 
Of cooled unreacted monomer removes the heat 
of polymerization. 
For a better understanding of the present in- 
vention, reference will be ruade to the accom- 
panying drawing which diagrammatically il- 
lustrates an arrangement of apparatus in ele- 
vation which may be used for the production 
of normally solid polymers of trifiuorochloroethy- 
lene. The principal pieces of apparatus for ef- 
fecting the process depicted in the drawing 
comprises a dehalogenator 6, a po]ymerization 
reactor 44, separators 67 and 68 and various 
purification and separation equipment for puri- 
fying and separating materia]s utilized and pro- 
duced by the process. 
According fo the drawing and the process 
lustrated, trichlorotrifiuoroethane of the 1,2,2, 
chloro-structure, which may be obtained com- 
mercially on the open market as Freon 113, is 
continuous]y passed through conduit 3 to de- 
halogenator 6. A metallic dechlorinating agent, 
such as zinc dust, is continuous]y or intermit- 
tently introduced through conduit 6 into reactor 
6. Although zinc is preferred, various metal 
dechlorinating agents may be used, such as tin, 
magnesium, and iron, without departing from 
the scope of this invention. Fresh so]vent of 
the general characteristics previous]y discussed 
is continuously or intermittently introduced into 
feed conduit  through conduit 4, or alternatively 
directly into dehalogenator 6 by means hot 
shown. In the discussion of the drawing, the 
solvent used in the dechlorination of trich]oro- 
trifiuoroethane is methyl a]cohol. The amount 
of metal dechlorinating agent introduced into 
dehalogenator 6 is equivalent fo at least the theo- 
retical amount necessary for remova] of two hal- 
ogen atoms from the ha]ocarbon. Preferably, 

4 
an excess dechlorinating agent is used in effec 
ing the dechlorinating reaction and the excess 
may be as much as 100 per cent or more. The 
amount of solvent may vary depending upon 
5 the reaction conditions, the quantity genera]]y 
being less ïor superatmospheric than for at- 
mospheric pressures, a suitab]e quantity for op- 
eration af atmospheric pressure being 65 per 
cent of the weight of the perha]ocarbon charged. 
lç The mixture of perhalocarbon and solvent is 
vigorously agitated by conventional means, 
such as mechanical stirrer 3, fo suspend the 
metal dechlorination agent in the liquid mix- 
ture in the ]ower portion of reactor 6. le- 
15 quired temperatures are maintained in the ]iquid 
phase of dehalogenator 6 by conventional means, 
such as heating or coo]ing cofls 9 or a jacket 
through which a heat exchnge medium is 
passed af the desired temperature. For a rem- 
20 perature below about 0 ° C., a light naphtha may 
conveniently be used. Water may be used for 
higher temperatures. Ourlet conduit 7 is used 
for discharging the liquid contents of dehalo- 
genator 6. 
25 For the dechlorination oï trichlorotrifiuoro- 
ethane to trifiuorochloroethylene, pressures 
tween tmospheric and about 300 or 400 pounds 
per square inch gage are employed, preferably 
a pressure between about 20 and about 200 
30 pounds per square inch gage, and a particulariy 
suitable pressure is about 180 pounds per square 
inch gage. In the preïerred ïorm of the inven- 
tion, the pressure should be such at any given 
temperature to permit vuporization of the tri- 
35 fiuorochloroethyiene from the iiquid phase in de- 
halogenator 6 without substantial vaporization 
of the other constituents of the reaction mix- 
ture. A suitable temperature for the dehalo- 
genation is between about 0 ° C. and 200 ° C. 
40 is preferred to use a temperature between about 
40 and about 150 ° C., usually about 115 ° C. for 
operation at 180 pounds per square inch gage. 
At the higher temperatures the rate of reaction 
is increased, which in most instances is desir- 
5 able. ttowever, excessive temperatures cause 
undesirable side reactions. 
In starting up the dehalogenation reaction a 
small proportion of a metal halide, such as zinc 
chloride, is introduced into deha]ogenator 6 to 
50 promote or start the dehalogenation reaction. 
The metal halide may be introduced separately, 
or in admixture with the dehalogenating agent 
through conduit 6. 
Suitab]e solvents for the dehalogenation step 
55 comprise methyl, ethyl, n-propyl, and n-butyl 
alcohols; dioxane, g]ycero], butyl carbitol, and 
the Cellosolves. Other known so]vents comply- 
ing with the general requirements may be used, 
if desired, without departing from the scope of 
60 this invention. The preferred so]vents are 
methyl alcoho] and ethyl alcoho]. 
Since the temperature and pressure conditions 
which are maintained in dehlogenator 6 ac- 
cording to the preferred ernbodiment of this in- 
65 vention are such that the perhalo-olefln formed 
therein as the desired product is vaporized, the 
olefin passes upward together with entrained and 
vaporized saturated perhalocarbons and solvent 
through a rectification column Il. The major 
70 proportion of the perha]ocarbon and solvent are 
retained in the ]iquid phase in dehalogenator 
6. The upper portion of the rectification co]- 
umn I! is maintained at a temperature sub- 
stantially ]ower than the temperature of the 
7 ]iquid phase of dehalogenator 6, preferably at 



teast 20ç C. lower. Thè /oI temperature of coole Or condenser 19 ¢leretn tlïe euen is 
column I I is matained at the  desire level by  condCe. 
inrect hea exchange means I or by reflux- to  äCcuïaOr 1 in Whieb condênsate, is 
ing a Dortion of liquefied overhead Droduct. In colected. A Dortion of the condensatë ls 
rectification column I I, methyl alcohol solven 5 turned  column 16 troughcondit . as liq 
and trichlorotrifluoroe hane are condensed and reflux teref0r. Internl clg ma 
flow downward back ino dehalogenator , while sh0w-) may be psitioned With: th uppër por 
the monomer is removed therefrom tough con- ti0. of coln  6  äid in refluxing of the dïs- 
duit . Since rectification column  effects tillàion'. Co]n and my be usd in àddition 
oy a partial sepation, the vaporous streäm 1o to, oT àltërnatitly , condènsae, rêtumêd 
in conduit [ will conain mor amounts of. un- through conduit . 
removed trichlorotrifluoroethane and methyl Thë 0tt0mS product from diSillaio Colu 
alcohol.  6 lS rem0Ved thererom throug outle conduit 
A typical composition of the trifiuorochl0ro-  and- i, rêtued b. me of  pump (no. 
ethylene-containing stream in. conduit 3 i ]5 show) tougH C0dui 3 and 2  dehalo- 
genaor 6. e tms product comprises the 

shoWn below, in Table I for operation of dehalo- 
genätor 6 ai a superatmosplèric pressure of 87.5 
pounds per square inch gage. and rectification 
column  at a top temperatureof about 24 ° C. 
Table I 
Vol. per cent 
Monomer .............................. 98.0 
Methyl alcohol .......................... 1.5 
C2æ3C13 ................................ 0.I 
Other materials .......................... 0A 
I00.0 

The monomer-contäining stream is passed 
through conduit 3 te a cooler 4, whereln it is 
liquefied, and thence to a fractional distillation 
column 6. As previously mentioned, a portion 
of the liquefled effluent- in conduit 3 may be 
returned by mens hot shown to the upper por- 
tion of rectificäion column ! as liquid refiux 
therefor to aid in maintenänce of the required 
top temperature. 
The subsequent treatment of the effluent in 
conduit  is an importantfeature of the process 
since the purification of the monomer trifiuoro- 
chloroethylne by the removal of the alcohol 
solvent and saturated pehaloearbon is essential 
in order to obtain satisfactory yields and repro- 
ducible- results in the poiymerization effected in 
reactor 4: To eiïect the purification of the 
monomer, liquid from conduit  is in one em- 
bodiment of thls invention introduced into 
fractional distillatïon column 6. This column 
is maintäined at ä temperture and pressure 
corresponding to that required to pass monomer 
overhead and to recover the solvent and un- 
reacted saturated perhalocarbon as a bottoms 
product. If superatmospheric pressures are em- 
ployed during the dehalogenation in unit 6, the 
pressure of the liquid in conduit  may be de- 
creased upon introduction into distillation column 
6 to aid in the fractional distillation and lower 
the temperatures required therein. Both atmos- 
phéric and superatmospheric distillations are 
feasible-and in some cases superatmospheric dis- 
tillation may be preferred, i top temperature 
of about --20 ° C, is appropriate for atmospheric 
distillation in column  6 Indirect heat exchange 
element ] is pro'ided in ttie lower portion of 
column 6 as a means ïor controlling ttie  tem- 
perature of the bottoms product , the temperature 
of which is.about 15 ° C. at atmospheric pressure. 
Element Il may comprise aninternal coil within 
column 6 or a conventional external reboiler. 
Upon distillation, the monomer is removed from 
column 6 through conduit 8 together with a 
relatively minor proportion oï. unremoyed satu- 
rated halocarbon and also in some cases small 

mäj prbIortio: bf the olent and saurted:. 
perhal0cgrbon 1 the- monomer-conta 
srëa of conduit I. 
20 ais: 0f a tical: oveheäd product: of. col- 
u 1.6 wen it: is opeated gt a top mperatUre 
of- bout: 20 : C. nd  kettlë emperature 'of 
abou:iC.. tatmosperc pegsUreïndic the, 
preSece o,f less tn- aout 0ne, per CeV of 
25 impities; sch  meth:yl alcooï nd tffffiuoro 
triChloroethane. 
Aporti0n oï the stream inconduit 2: may be 
gcdedby meng hot- so in orde   
vent te bUi]d-Up of contminn i. te sysm 
0 such:Sïby'Pr°dus nd 9olymê fome dïi 
the: de10ention. Liquid: Cn Io  bè: 
d9. dîreCY fr0m ' dehloenr 8 thro 
outlet condui.  for the bovê 
In' some stnces if mF 5ë' dsirbl o Us 
  Soluble stbilIzer 0 inbit0r.  preVenç 
tion nd/or poleriztïon of the 
drn stilltion and sre SUCh: oluble] in 
hibitor compose  tirF mie: o9 
Condenste from ccumulto l is 
40 throuh conduït  t   second frctinai: dis  
tilltlon column 8 in Wch solven d 
rected perlocrSon re rem0Vëd f-9om të 
monomer. In coln 28 te. Contro 0f 
pertureand pressurecondîiO«ig more: 
thon  c01umn  8 inordèt fo  mkë . 
4 between the monomer nd te desied - 
ponents, such s the solvent nd stu 
hlocrbon. The temperture nd pressure 
selected such tht the monomer is rem0ved over- 
hed tou conduit 8 nd is pssed touh 
50 
 cooler  to n ecultor 8. Condens 
t  temperre of bout --28  C« is returned 
to the top of coln  8 touh conduit  
refl. Solvent nd stUr%ed per]ocrbon re 
removed s  bottoms produ throuh n 
 conduit . When opertin t 
tmospheric pressée the top temperture of 
coln 8 is bout --26  C. ndthe kettle tem- 
perate of column 8 is 5out --0  C. ement 
 compres  conventionl heat exchne 
60 
mens, such  n internl coil or n externl 
reboiler, for mintin the desired tempera- 
ture  t the bottom of coln 8. A refriernt, 
such s  liht nphth, is ccu]ted touh 
65 cofls  t bout 15  C. SolWent ndunrected 
monomer from reäctor 4 Which hve been sep- 
rd from the solC poïer product in sp- 
rrs  nd 8 re introduced into the lower 
portion of coln 8 touh condt 8. The 
7o solvent used  the polFmeriztion for ssolvin 
the polymeriztion promor nd i recovery will 
be OEscussed more fullF hereinfter. Since the 
IFmertion solvent  Iso hiher boilin 

amounts of methyl alcohol. The vaporousefltuent thanthe monomer; ft4s re-moved with tle bottoms 
is :: paSsed through, c0nduït  $ 0  conventionl - 75: prodUcç, though oatle: conduit. $$ 
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For operating distlllation column 26 ai a top 
temperature of --26 ° C. and at a kettle tempera- 
ture of about --20 ° C. ai atmospheric pressure 
and for low temperature polymerization to pro- 
duce a solid polymer, analysis of a typical mon- 
orner overhead fraction indicates the presence 
of less than 0.005 volume per cent of impurities, 
such as methyl alcohol. The bottoms product 
from column 26 comprises as ifs major com- 
ponent trichlorofuoromethane, the solvent used 
in the polymerization step. 
The liquid bottoms product ïrom distillation 
column 26 continuously passes through conduit 
33 to a third fractional distillation column 34 in 
which the solvent used in the polymerization step, 
such as CC13F, is separated from saturated per- 
halocarbon (C21C13) and solvent (methyl alco- 
bol) used in the rehalogenation reaction. Tem- 
perature and pressure conditions of distillation 
column 34 are such that trichlorofuoromethane 
is passed overhead while trichlorotrtfuoroethane 
and any remaining methyl alcohol are removed 
as a bottoms product. When using atmospheric 
pressure in distillatior column 34, the kettle 
temperature will be about 48 ° C. and the over- 
head temperature will be about 27 ° C. for sep- 
arating trichlorofuoromethane ïrom trichloro- 
trifluoroethane. For superatmospheric pressures 
higher temperatures are used. The trichloro- 
trifluoroethane-containing bottoms product is 
removed from column 34 through ourlet conduit 
37 and is continuously returned by means of a 
pump (hOt shown) through conduit 24 fo de- 
halogenator 6. Element 36 is a conventional heat 
exchange means, such as an infernal coil or 
external reboiler, for controlling the kettle tem- 
perature of distillation column 34. The overhead 
product comprising trichlorofuoromethane and 
less than about one per cent of the other com- 
ponents of the feed is removed from column 34 
through conduit 46, a portion of which overhead 
may be condensed in a conventional cooler 47 and 
returned through conduit 49 fo the upper portion 
of column 34 as reflux therefor. The treatment 
of the overhead product of column 34 and ifs 
return fo reactor 44 will be discussed more fully 
subsequently. 
The overhead product ïrom the second dis- 
tillation column 26 in conduit 28 comprises 
monomer and traces oî contaminnts, such as 
methyl alcohol or other oxygen-containing com- 
pounds. This vaporous stream in conduit 
is PaSSed through a conventional cooler 29 in 
which the vapors are cooled and condensed and 
resulting condensate is passed ïrom cooler 29 
to an accumulator 30. Condensate which is col- 
lected in accumulator 3{} is returned through 
conduit 3. fo the upper portion of distillation 
colurnn 26 as liquid reflux for controlling the 
top temperature thereoï. Alternatively or in 
oddition fo refiuxing with condensate ïrom con- 
duit 32, internal cooling means (hot shown) may 
be positioned within the upper portion of colum' 
2 for causing infernal refuxing. 
£ï only that much of the vapors in conduit 28 
are condensed as fo provide reflux to column 
the remaining valors are removed from accumu- 
lator 30 through conduit 31 and are passed 
through treaters 39 and 41, which are used alter- 
nately, fo remove oxygen-containing compounds. 
While one treater is being used, the other treater 
ls being filled with ïresh treating agent or 
sorbent material or the sorbent material therein 
ls being regenerated. Treaers 39 and 4 con- 
tain suitable material for removing traces of 

8 
- methyl alcohol, and other oxygen-contining 
compounds present in the gaseous stream. Suit- 
able treating agents or sorbents comprise lhos- 
lhoïou. lentoxide, silica gel, activated carbon, 
5 and mixtures thereoï; however, various other 
zcrbents may be used which are known fo those 
skilled in the art. Treaters 39 and  are used 
ince a monomer of high purity is required in 
the lOlYmerization oï trifuorochloroethylene at 
]0 a low temperature fo produce a normally solid 
poIymer of good physical and chemical proper- 
ries. Preïerably, treaters 39 and 4 contain al- 
ternate layers of phosphorous pentoxide and 
silica gel. 
15 Aïter passage of the monomer stream through 
treaters 39 or , the stream is passed through 
conduit 2 fo cooler 3 wherein the gaseous 
tream is cooled and condensed. From condenser 
or cooler 43, condensate af the desired retapera- 
20 ture is passed fo reactor . If is advantageous 
although not necessary fo provide a cooled hold- 
ing tank (not shown) fo aid in the regulatim 
o the lïow oï monomer fo reactor 4. 
To treat the monomer stream in the liquid con- 
25 dition in treaters 3 and , cooler 29 is operated 
such tsar substantially the entire effluent stream 
in conduit 28 is condensed. Condensate ïrom 
accumulator 3 is then passed through conduit 
3 to treaters 39 and 4, which are operated 
30 a3 described with respect fo vapor phase opera- 
tion]s. In this modification, cooler 3 may be 
omitted; however, cooler 3 may be used fo 
further cool the condensate fo the desired poly- 
merization tempergture after passage through 
:5 treaters 39 and  without delarting from the 
cope oï this invention. 
Various methods and procedural steps for re- 
covery and purification of the monomer rnay be 
practiced, although each method or procedure is 
4o hot necessarily equivalent to the others. The 
zteps for recovery and purification of the mono- 
mer depicted in the drawing is only one of sev- 
eral which may be followed fo obtain a monomer 
of sufficient purity for producing a solid polymer 
.45 of good physical and chemical characteristics. 
For example, the monomer-containing stream in 
 conduit 3 may be treated with P20 prior fo. 
fractional distillation thereof and subsequent fo 
distillation the monomer concentrate stream is 
50 treated with silica gel. The successive steps of 
treating the monomer stream with P20, distil- 
lation, and treating with silica gel renders a 
monomer of high purity. Another procedure 
consists of the steps of treating the monomer- 
55 containing stream of conduit 3 with P20 and 
then with silica gel. This latter procedure bas 
been round satisfactory for purifying the mono- 
mer for subsequent polymerization fo solid poly- 
mers without distillation. According fo the pro- 
60 cedure described with reference fo the drawing, 
one of the distillation columns 6 or 26 may 
be eliminated without departing from the scope 
of this invention. The choice of the recovery and 
purification procedure used will depend upon 
C5 the economic evaluation as well as such factors 
as the purity of the monomer desired, etc. 
In reactor 4 liquid trifuorochloroethylene is 
polymerized in the presence of an organic per- 
oxide promoter to produce a solid polymeric ma- 
70 terial having good chemical and physical char- 
acteristics as a plastic. A particularly suitable 
promoter for the production of a solid product 
is bis-trichloroacetyl peroxide. The amount of 
trlchloroacetyl peroxide used varles between 
7 about 0.01 and aboutO,15 per cent of the mono- 
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mer in the _reacion rmxture, a preferred con- 
-centration bei, ng about 0,03 per cent. 
Bis-trichloroacetyl peroxide may be pr.epared 
by reacting .sodium peroxide with trichloroacetyl 
chloride af a temperature of about --15 ° C. The 5 
bisrtrichloroacetyl 'peroxide product is extracted 
from the resulting mixtùre with trichlorofiuoro- 
methane. Bis-trichtoroacetyl peroxide is thon 
recovered from the trichlorofluoromethane by 
crystallization. 10 
Various other organic peroxides, such as tri- 
fluoroacetyl peroxide, difluorochloroacetq per- 
oxlde, benzoyl perox£de, chloracetyl peroxide, 
.and dichlorofluoroacetyl peroxide bave been 
found capable a-promoting the desired poiy - d5 
merization reaction £o produce fa norma!, .soli 
palymer of-trlfluoroChlor0ethylene. 
Since the pezoxide promoter is se!tri under 
normal conditions .and substantilly nsöluble 
in the monomer, a solvent is used fo dissolve 0 
the promoter nd the resulting .solution oî the 
promoter is injeE£ed ,into reactor  through 
conduit 5]. The use of the promoter as a solu- 
tion facilitates handling and intimate mixing 
of the promoter with the monomer in the re- g5 
action zone. The preferred solvent is one whiEh 
is non-reactive and 'bas a boiling point higher 
than the boiling point of the monomer. The 
quantity of solvent containing the promoter em- 
ployed is usually between about 1 and about 3O 
20 per cent of the monomer feed but ]argot or 
smaller amounts may be used without departing 
from the scope of this invention. The preferred 
solvent of the present invention is trich!oïo- 
fluoromethane. The sCu¤iÙn oî iromoter is '35 
maintained af a sufliciently 1C temperature 
pr`ior to introduction into the reactor to mini- 
mize decomposition. 
A solution of promoter is continuously or in- 
termittently introduced into reactor 44 through .40 
conduit '5] after being admixed with fresh or 
recycle solvent from conduit i. Alternatively 
the solution of promoter may be injected into 
conduit 2 for admixture with the monomer by 
means not shown. For the production of a 45 
normally solid polymer a temperature between 
 about --20 ° C. and about 150 ° C. is employeE 
depenO2ng upon the promoter and other operat- 
lng conditions used. Generally, however, some- 
what higher temperatures can be used in the 5O 
process of this invention than are possible foï 
the batch-wise processes described previously. 
With a bis-trichlor0aCetyl peroxide promoter u 
temperture between about --20 and about 25 ° 
C. is preferred. The pressure should be af least 55 
in excess of the vpor pressure of the monomer 
at the polymeriZation temperatuïe emp!oyed. 
The -sCid polymer of trifluorochl0roethylene is 
formed as fine particles sùspended in the liquid 
monomer because of ïts insolubility therein. The 6O 
formation Of the polymer as fine particles may 
be predicated to the fact that .trifluorochloro- 
ethylene polymerizes by nuclei growth, if is be- 
lieved that the polymerization of the .monomer 
to the solid polymer is accomplished in a rela- 5 
.tively short period of rime :and that the quantity 
'of polymer produced over a period of rime is 
limited by the rate of formation of the polymer 
.nuclei. As a result the bulk of monomer does sot 
progressively polymerize in entirety. This theory 70 
is offm'ed merely as a means for botter under- 
 standing the present invention and is sot te be 
construed as limiting the invention or as the only 
explanation ther.eof. 
Reactor  comprises a Steel vessel and may 75 
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be provided with cooling coils or a.cooling jacket 
(not shown) for aiding in the maintenance of 
the desired temperature therein. The forra of 
the reaction vessel is irnmaterial frein the stand- 
point of this invention and the vessel may be in 
the form of elongated tubes or coils through 
which the reaction mixture flows as a turbulent 
mixture. As shown in the drawing, however,:the 
reaction vessel is an enlarged zone in whiih is 
contained a substantial quantity of liquid mono- 
mer containing suspended solid polymer. -In the 
enlarged vessel shown, the solid polymer is 
maintained in suspension by means of a conven- 
tional mechanical stirrer . Stirrer  also aids 
in maintaining uniîorm temperature throughout 
the liquid phase in the-reaction vessel .4. The 
sirrer  may be omitted if the liquid circula- 
tion within the vessel is sufliciently great o 
maintain the polymer suspended in the . liquid 
monomer, such as the circulation caused by 
withdrawal and introduction of liquid. 
In using a reaction cofl .or tube of restricted 
cross-section, the flow through the reaction tube 
causes suflicient turbulence or agitation to main- 
tain the solid particles of monomer suspended-in 
the reaction mixture. 
In accordance with this invention, .a .sluzry of 
monomer and solid polymer is removed at the 
sired rate from reactor  and passed .through 
conduit 6! by means of purnp 
The slurry is coo]ed in cooler $ te .a tempera- 
ture at least 5 ° C. below the temperature of 
actor  so that when the unreacted monomer.is 
recycled, the temperature of.the reaction vessel 
is maintained substantially constant at the de- 
sired value by controlling the amount of heat re« 
moved in cooler . From cooler 3 the cooled 
slurry is passed through either ose of separating 
zones 6 and 6 throügh conduits  and 6, re- 
spectively. Separation units 6 .and 8 are used 
alternately. Whfle ose separating zone is on 
process flow the .solid polymer is being removed 
from the other-separating zone. Any of the 
conventional filter means may be used for sepa- 
rating the solid polymers from the unreacted 
monomer. Such .fllter means may comprise a 
conventional plate .and frame ilter tress, a leaf 
filter, a rotary ,continuous filter, such as those 
disclosed in "Elementsof Chemical Engineering," 
Badger and McCabe, McGraw Hill Bock Com- 
pany (196), secondedition. When a continuous 
fllter is used, dua! .fllters are unnecessary. On 
the other hand, separators  and  may com- 
prise a settling zone in which the solid polymer 
is settled from the monomer and accumulates in 
the bottom of the settling vessel .from where it 
s removed through a-suitable star .valve or the 
like. In the .diagrammatic illustration shown in 
the drawing, the solid polymer is removed from 
separators 6 and 
and  i, reslectively. 
Unreacted monomer is passed f.rom separa.ters 
$ and 8 thzough conduits .2 and , respec- 
tively, and .is recycled to reactor  through con- 
duits , ] and 9. A portion oî the recyc)ed 
monomer is returned .to distiltation column . 
through conduit--| -in order -to repurify the 
monomer. Usually the ratio of the mount of 
monomer recycled-to that diverted to distilla- 
tion column 25 is about 1:1 to about 10:1 by 
volume or higher, pz, eferably a ratio of bout 
 :1 to about 4:1. 
Since acidic impurities, such as trichloroacetic 
acid, phosgene and their deivatives, contami- 
nate the monomer-containing sream, it .is de- 
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sirable to remove these contaminants in order to tion steps, and changes in the shape and/or size 
prevent their build-up in the system and fo pre- of reactor 44, may be practiced without depart- 
vent their adverse affect on the physical and ing from the scope of this invention. Certain 
chemical qualities of the solid polymer product, pieces of apparatus and auxiliary equipment, 
Such acidic impurities are removed from the re- 5 such as liquid level controls, fiow controls, rem- 
cycle monomer stream by passing the stream perature and pressure controls, valves, pumps, 

through a treater 76 containing a suitable acid 
absorption medium, such as sodium or potas- 
sium hydroxide. A portion of the stream may 
by-pass treater 76 by means of conduit 77, if de- 10 
sired. If the monomer stream is treated in 
treater 7 with an aqueous alkali solution, driers 
(hot shown) must be provided for removing 
traces of aqueous solution from the treated 
stream. 
The monomer-containing stream in conduit 8 
contains the solvent used for dlssolving th'e pro- 
moter and in the particular embodiment of 
the invention described the solvent Is trichloro- 
fiuoromethane. When the monomer-containing 20 
stream in conduit 8 is introduced into distilla- 
tion column 28, the monomer is removed over- 
head as previous]y described and the solvent is 
removed with the bottoms product through out- 
" ]et conduit 88. This bottoms product from dis- 
tillation column 28 is passed to a third distilla- 
tion column 84 as previously discussed. In dis- 
tfllatlon column 34, trich]orofiuoromethane is 
continuously recovered as an overhead product 
and is passed through conduit 6 fo a conven- 
tional cooler 47 in which at least a portion of the 
vaporous overhead product is condensed. ConN 
densate is then passed fo accumulator 48. From 
accumulator 48 condensate is recycled fo the 
upper portion of column 34 through conduit 49 35 
as liquid reflux therefor. When the entire over- 
head product is condensed in cooler 47 conden- 
sate is passed from accumulator 48 through con- 
duit 5! fo treaters 5 and §4 fo remove oxygen- 
containing compounds. When on]y the amount 40 
of overhead required for reflux in column 34 is 
condensed, the uncondensed overhead product i 
passed through conduit 5 through treaters § 
and §4. Treaters 5 and §4 are operated simi- 
larly and contain similar treating materials as 45 
were used in treaters  and 4 for removal of 
traces of methyl alcohol solvent which inhibits 
the polymerization reaction. As in the case of 
treaters  and 4, treaters 53 and 44 are used 
alternately, while one is being regenerated or re- 
filled the other is on process flow. 
Substantially pure trichlorofiuoromethane is 
returned fo conduit 57 for admixture with pro- 
moter and for the subsequent introduction into 
reactor 44 through conduit §7. 
Continuous removal of a slurry from reactor 
44 and recovery of solid polymer from the slurry 
is the preferred method of operation in polymer- 
izing trifiuorochloroethylene, but other methods 
may be used without departing from the scope of 
this invention. For example, a raking or ele- 
vating mechanism could be provided in the 
action vessel operating on a sloping bottom to 
remove the polymer partic]es as they sertie to 
the bottom. Another modification is a rotating 65 
drum containing liquid monomer with a scrapin 
means for removing the deposited polymer from 
the sides of the rotating drum. 
The solid polymerlc product recovered af  
and 7 may be subjected to further treatment 70 
such as fiuorination, pyrolyiis, drylng, etc., with- 
out departing from the scope of this invention. 
Various modhïcations and alterations of equip- 
ment, such as elimination of one of the distilla- 
tion steps, changes in the sequence of puriflca- 75 

coolers or condensers and storage facilities have 
been omitted from the drawing as a marrer of 
convenience and clarity. 
Having described my invention, Æ claire: 
1. A continuous process for po]ymerizing tri- 
fiuorochloroethylene fo produce a normally solid 
polymer of good physical and chemical charac- 
teristics whlch comprises the successive steps of 
introducing liquid trifiuorochloroethylene and a 
solution of trichlorofiuoromethane and triclloro- 
acetyl peroxide into a reaction zone, the amount 
of trichloroacetyl peroxide being between about 
0.01 and about 0.15 per cent of the monomer 
charged, polymerizing trifluorochloroethylene at 
a temperature between about --20 and about 25 ° 
C. and a corresponding pressure to malntain the 
monomer in the liquid phase in said reaction 
zone fo produce particles of solid polymer, agi- 
2 tating the reaction mixture fo form a slurry of 
solide polymer and liquide monomer, continuously 
withdrawing from said reaction zone a slurry of 
said monomer and solid polymer, coollng the 
withdrawn slurry at least 5 ° C. below the pre- 
30 vailing temperature of said reaction zone, sepa- 
rating by filtration solid polymer as the product 
of the process and unreacted monomer from 
sald slurry, treating at least a portion of the un- 
reacted monomer thus recovered from the slurry 
with an alkali metal hydroxide fo remove acidic 
impuritles therefrom and recycling purifiid 
monomer fo said reaction zone as feed thereto 
and as a means for controlling the temperature 
thereof. 
2. A continuous process for polymerizing tri- 
fiuorochloroethylene fo produce a normally soIid 
polymer which comprises the successive steps of 
introducing trifluorochloroethyene and a solu- 
tion of trichlorofiuoromethane and trichloro- 
acetyl peroxide into a reaction zone, polymeriz- 
lng trifiuorochloroethylene at a temperature 
tween about --20 and about 25 ° C. and at a pres- 
sure fo maintain the monomer in the liquid 
phase in said reaction zone fo produce particles 
50 of solid polymer, forming a slurry of solid poly- 
mer with liquid monomer in said reaction zone, 
continuously withdrawing from said reaction zone 
a s]urry of saiE monomer and solid polymer. 
cooling the withdrawn slurry below the prevail- 
55 ing temperature of said reaction zone, separat- 
ing by filtration solid polymer as the product of 
the process and unreacted monomer from said 
slurry, treating af least a portion of the unre- 
acted monomer thus recovered from the slurry 
60 with an alkali fo remove acidic impurities there 
from, and recycling purified monomer to said 
reaction zone as feed as a means for controlling 
the temperature thereof. 
3. A continuous process for polymerizing tri- 
fluorochloroethylene fo produce a normally solid 
polymer of good physical and chemical charac- 
teristics which comprises the successive steps of 
introducing liquid trifiuorochloroethylene and a 
halogenated acyl peroxide which is effective 
under the polymerization conditions as a pro- 
moter into a reaction zone, polymerizing triflu- 
orochloroethylene at a temperature between 
about --20 and about 25 » C. and a corresponding 
pressure fo maintain the monomer in the liquid 
phase in saiE reaction zone to produce particles 
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of solid polymer, agitating the reaction mixture 
to ïorm a slurry oï solid polymer and liquid 
monomer, continuously withdrawing from said 
reaction zone a slurry of said monomer and solid 
polymer, cooling the withdrawn slurry below the 
prevafling temperature of said reaction zone, 
separating ïrom said slurry solid polymer as the 
product of the process and unreacted monomer, 
and recycling tmreacted monomer to said reac- 
tion zone as feed thereto and as a means for 
controlling the temperature thereof. 
4. A continuous process for polymerizing tri- 
fluorochloroethylene to produce a normally solid 
polymer which comprises the steps of introduc- 
ing trifluorochloroethylene into a reaction zone, 
polymerizing trifluorochloroethylene at a tem- 
perature between about --20 ° C. and about 25 ° 
C. in the presence of a halogenated acyl peroxide 
which is effective in the aforesaid temperature 
range as a promoter ïor the polymerization at a 
pressure to maintain the monomer in the liquid 
phase in said reaction zone to produce particles 
oï solid polymer, agitating the reaction mixture 
to forma slurry of solid polymer with the liquid 
monomer, continuously withdrawing from said 
reaction zone a slurry of said monomer and solid 
polymer, cooling the withdrawn slurry below the 
prevalling temperature of said reaction zone, 
separating from said slurry solid polymer as the 
product of the process and unreacted monomer, 
and recycling cooled unreacted monomer to said 
reactlon zone as feed thereto and as a means for 
controlling the temperature thereof. - 
5. A continuons process for polymerizing tri- 
fluorochloroethylene to produce a normally solid 
polymer of good physical and chemical charac- 
teristics which comprises the steps of introduc- 
lng trifluorochloroethylene into a reaction zone, 
polymerizing trifluorochloroethylene at a tem- 
perature between about --20 and about 25 ° C. in 
the presence of a halogenated acyl peroxide 
which is effective in the aforesaid temperature 
range as a promoter for the polymerization and 
ata corresponding pressure sufficient to main- 
tain monomer in the liquid phase in said reac- 
tion zone to produce particles of solid polymer, 
withdrawing from said reaction zone a slurry 
comprising monomer and solid polymer, sepa- 
rating solid polymer as a product of the process 
and unreacted monomer from said slurry, and 
recycling said monomer to said reaction zone. 
6. The improved process for polymerizing tri- 
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fluorochloroethylene which comprises introduc- 
ing trifluorochloroethylene into a reaction zone, 
in said reaction zone polymerizing trifluoro- 
chloroethylene in the presence of trichloroacetyl 
peroxide as a promoter ata temperature between 
about --20 and about 25 ° C. and ata correspond- 
ing pressure sufficient to maintain monomer in 
the liquid phase to produce particles of solid 
polymer in suspension in liquid monomer at the 
10 temperature of polymerization, and separating 
and recovering particles of solid polymer from 
the suspension as a product of the process. 
ï. The improved process for polymerizing tri- 
uorochloroethylene which comprises introduc- 
15 ing trifluorochloroethylene into a reaction zone, 
in said reaction zone polymerizing trifluoro- 
chloroethylene a a temperature between about 
--20 and about 25 ° C. in the presence of a halo- 
genated acyl peroxide which is effective in the 
20 aforesaid temperature range as a promoter for 
the polymerization and ata corresponding pres- 
sure sufiïcient fo maintain monomer in the 
iiquid phase fo produce particles of solid polymer 
in suspension in liquid monomer at the retapera- 
25 ture of polymerization, and separating and re- 
covering particles of solid polymer from the sus- 
pension as a product of the process. 
8. The process of claire 7 in which said or- 
ganic peroxide promoter is chloroacetyl per- 
30 oxide. 
9. The process of claim 7 in which said or- 
ganic peroxide promoter is dichlorofluoroacetyl 
peroxide. 
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